Background: The present study examines the role of six aspects of socio-economic status (income, occupational position, education, unemployment, living alone and type of residential area) in mortality among types 1 and 2 diabetic people in Finland. All-cause mortality and causes of deaths (for example, alcohol diseases) are assessed. Methods: People with diabetes aged 30-79 years in 2000-03 were identified from national registers. The data comprised 528 734 person-years and 18 841 deaths. Relative mortality risks were obtained from Poisson regression models. Results: Among type 1 diabetic men, mortality differences were largest for long-term unemployed (aged 30-64 years); RR 3.85 (3.00-4.94) compared with the employed, and for low (vs. high) income group; RR 1.96 (1.78-2.17). The findings were similar for type 2 men; RR 2.58 (2.16-3.09) for unemployment and 1.61 (1.53-1.69) for income. In type 1 diabetic women, largest differences were found according to unemployment; RR 3.32 (1.88-5.88) and education (lowest vs. highest education); RR 2.35 (1.84-3.00), but in type 2 diabetes, the strongest determinants were disposable income; RR 1.55 (1.44-1.66) and education; RR 1.50 (1.33-1.70). In most socio-economic determinants, relative differences were largest in deaths due to diabetes and alcohol diseases. Conclusions: Five aspects of socio-economic position were related to mortality among diabetic people in Finland. No systematic mortality differences were, however, found for type of municipality of residence. These findings together with the role of deaths from alcohol diseases and diabetes in mortality trends, indicate that different aspects of social disadvantage are important predictors of mortality among diabetic people. 
Introduction
A ll-cause mortality among diabetic people decreased between 1991 and 2003 in Finland. However, in the same time disparity in socio-economic all-cause mortality among diabetic people increased due to a more favourable trend among non-manual workers compared with manual workers. The relative increase in the 1990s was largest in deaths from causes strongly related to smoking, abuse of alcohol, and coronary heart disease. 1 Low occupational class has been found to indicate an excess risk for increased mortality also in a British study. 2 Together with low occupational position also other socio-economic characteristics have been shown to be important determinants of mortality among diabetic people. For example, low-income status, low education level and unemployment have been identified as risk factors for mortality among diabetic people. [3] [4] [5] [6] However, few studies have compared the impact of several socio-economic variables in the same study. 3, 5 Additionally, there are some indicators of risk of social disadvantage identified in social scientific research, 7 the influence of which in mortality among diabetic people has not been studied previously. These include living alone and living in sparsely populated areas.
The present study examines the role of six aspects of socio-economic position in all-cause mortality and in several main causes of deaths among diabetic people in Finland in 2000-03. These socio-economic determinants are income, occupational position, education, unemployment, living alone and residential area. We will first analyse potential risk factors for all-cause mortality and then several main causes of deaths will be assessed including causes of deaths related to risk of social disadvantage including abuse of alcohol and causes strongly related to smoking.
Methods

Study population
Our study population consisted of all people aged 30-79 years suffering from diabetes at the end of 1999 and those diagnosed with diabetes by the end of 2002 according to the national health registers. The population with diabetes was identified from the following registers: 8 This register covers all prescriptions reimbursed by the mandatory national health insurance irrespective of the ambulatory care provider. Those who died, at the year their diabetes was diagnosed, were excluded from the analyses. Also, those with gestational diabetes only and those living abroad were excluded. Deaths were followed from 1 January 2000 to 31 December 2003 and were obtained from the national register of causes of death. Causes of death in Finland were classified according to ICD-10.
We formed a tabulated annual data on the population at risk consisting of people with diabetes at the turn of the each year, and they were followed up for mortality in 2000-03. The number of persons at risk at the beginning of the year as well as person-years in age groups and other subgroups were calculated for the analysis. Likewise, the number of all deaths and deaths from several specific causes were calculated for the same subgroups. Diabetic people under 30 years entered population at their 30th birthday. Exit from population occurred at the 80th birthday or at earlier death. Transition to the consequent age group occurred at the birthday in question. The total amount of person-years in our study data was 528 734 and the number of deaths 18 841.
Diabetes type
The population at risk was defined as having either insulin-dependent diabetes (type 1) or non-insulin-dependent diabetes (type 2). The definition was based on medication used for diabetes treatment according to the prescription data and secondarily on the age at onset of diabetes according to the health insurance register on entitlements for elevated reimbursement for diabetes medication. If insulin was the only diabetes drug used, the person was classified as having type 1 diabetes, otherwise he or she was classified to have type 2 diabetes. If information about medication was missing (about 5% of diabetic people), age at onset of diabetes was used as the criteria of classification. Patients who were diagnosed with diabetes before the age of 30 years were considered to have insulin-dependent diabetes (type 1), and those with onset after 40 years were considered non-insulin-dependent (type 2). Those aged 30-39 years at onset of reimbursement were left out of these specific analyses concerning the diabetes type.
Socio-economic variables
Occupational position
Socio-economic variation was assessed by using occupational position as socio-economic indicator. Data on occupational position were defined according to the socio-economic classification routinely used by Statistics Finland for people who were economically active came from the 1995 Population Census, since the 2000 Census used an occupational position classification incompatible with the earlier definition. For the retired and unemployed, the data on occupation were followed back to earlier censuses in 1970-90. 9 The occupation of the head of the household was used for those with no such information available. 'Upper non-manual' roughly corresponds to class I in the British Registrar General's classification, 'lower non-manual' to classes II and III (N) and 'manual' to classes III (M), IV and V. 10 'Farmers' refers to all people who receive their main income from farming, regardless of farm size or number of employees. All other self-employed people, employers and those with no data on occupational position were classified as 'others'.
Disposable income
The data on disposable family income were derived from registries on taxation and welfare benefits. Income was adjusted for family size using the OECD equivalence scale, where the first adult of a family is weighted as 1.0, other adults as 0.7 and children <18 years old as 0.5.
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Education
Education was divided into three categories: high, intermediate and basic. People with a university degree or qualification requiring !13 years of education were included in the high education group. The intermediate category was defined as secondary school and vocational training, or high school matriculation requiring 10-12 years of education. Basic education corresponds to an education of <10 years.
Living alone
Whether the person was living alone or not was defined from employment statistics for each of the study years.
Employment status
Each individual's employment status was classified as employed, unemployed <10 months, long-term unemployed (10-12 months during the year in question) and retired and other, referring to students, home makers, military service or persons on parental leave.
Type of municipality
Type of municipality was defined as urban centres, semi-urban municipalities, rural areas near cities, rural areas proper and sparsely populated rural areas.
Statistical analyses
Mortality by different socio-economic determinants in the diabetic population was age adjusted for the Finnish diabetes population in 2003 using the direct standardization method. Relative risks (RRs) for mortality were obtained from Poisson regression models adjusted for age. Due to small numbers, mortality from specific causes of death was only analysed for manual workers and the aggregated group of upper and lower non-manual workers. Age-standardized mortality was also calculated by diabetes type.
In analyses concerning working age population, other socio-economic determinants and age were standardized when the long-term unemployed were compared with the employed. First, we calculated age-adjusted bivariate models for employment status. Then we used multivariate models consisting following indicators: age, disposable income, occupational position, education and living condition. Bivariate and multivariate models were also used when we analysed relative differences in all-cause mortality by income, occupational position and education. In these analyses age, employment status and whether the person was living alone were standardized.
Results
When the role of six aspects of socio-economic position in all-cause mortality was studied, clear differences were found according to five social indicators studied. Only one indicator, living in sparsely populated area, did not have an effect on all-cause mortality (table 1) . Among diabetic men, age-standardized all-cause mortality was clearly larger than among diabetic women. Also all-cause mortality among type 1 diabetic people was much larger than mortality among type 2 diabetic people.
Relative differences in all-cause mortality according to the socioeconomic determinants studied were larger among type 1 than type 2 diabetic people (table 2). Among both men and women with type 1 diabetes relative differences in all-cause mortality were especially large when long-term unemployed were compared with employed people [RR 3.85 (3.00-4.94) and 3.32 (1.88-5.88)], respectively. Among men the RR was also high when diabetic people of the lowest fourth and fifth disposable income groups were compared with two highest first and second income groups [RR 1.96 (1.78-2.17)]. Among women another high RR in mortality was found when lowest education group was compared with highest education group; RR 2.35 (1.84-3.00). 
Different causes of deaths
Further analyses concerning differences in main causes of deaths among diabetic people indicated that the RRs in circulatory and ischaemic disease mortality were almost in the same level and mainly largest according to same socio-economic predictors than in all-cause mortality (table 2) . When deaths in diabetes, and alcohol diseases and alcohol poisoning were scrutinized, the RRs in mortality were higher than the RRs in all-cause mortality according to almost all socio-economic predictors. Especially among persons with type 1 diabetes the RRs were high. In causes of death strongly related to smoking the strongest socio-economic predictor was having only basic education.
Diabetic people of working age
When people with diabetes aged 30-64 years and those aged 65-79 years were analysed separately socio-economic differences in all-cause mortality were found to be much larger in people of working age. Among working age diabetic people, strongest socio-economic predictor in all-cause mortality was long-term unemployment (except among type 2 women). This large relative difference remained also after further adjustments (table 3) . Further analyses were also conducted by standardizing for employment status and living condition in analyses concerning differences in all-cause mortality by disposable income, occupational position and education. Relative differences in all-cause mortality decreased notably after adjusting for employment status (table 4) .
Discussion
The results of our study suggest that in addition to low education, low occupational position and low income, mortality differences among diabetic people were also found according to other aspects of socio-economic position especially among men. Men living alone and those long-term unemployed had a larger mortality risk compared with others. Among the unemployed men, the differences were especially large in causes related to alcohol and diabetes deaths in both diabetes types, but the numbers were especially high in type 1 men. Among type 1 diabetic women the results concerning unemployment were similar to those among men. Our study data were based on large national administrative data sets, namely health insurance, prescription, hospital discharge and causes of death registers. By using census data and employment statistics, we were a: Lowest fourth and fifth disposable income compared with two highest first and second income b: Manual workers compared with upper and lower non-manual workers c: Lowest education compared with highest education d: People living alone compared with people living with someone e: Long-term unemployed compared with employed people consisting diabetic population aged 30-64 years f: Among type 2 diabetic people some causes of death groups had no deaths in younger age groups, so these were combined with the next upper age group using the same age group combination for all causes of deaths (except no combination was made in all-cause mortality) a: Long-term unemployed compared with employed people b: RR with 95% CI from poisson regression analysis also able to use indicators of several aspects of socio-economic position. The data in Finnish health registers have generally been considered reliable. 12 Entries in the Social Insurance Institution register for chronic diseases entitled to special reimbursement are based on physicians' statements and standard diagnostic criteria for medical conditions. The number of false positive cases is thus assumed to be low, while the register may miss some diabetes patients, such as those treated by diet only. It can be assumed that such missing patients tend to have less severe conditions than the average diabetic patient. The Finnish causes of death register is in general considered to be reliable, although it has been shown to underestimate some causes of death, such as alcohol poisoning. 13 There are some restrictions in the validity of our study data based on the linkage of registers. For example, the exclusion of people with diet-treated diabetes may artificially attenuate the socio-economic mortality gradient. This potential bias, however, would have no impact among type 1 diabetic people.
Our results are in line with earlier studies concerning socio-economic mortality differences among patients with diabetes both in Finland 1, 14 and elsewhere. 2, 3 However, Gnavi et al. 15 found no socio-economic differences among women with diabetes. Our results concerning unemployment are similar to those reported by Robinson and colleagues. 3 Similar results concerning unemployment have been reported in Sweden 16 concerning the whole population, and in Finland concerning young adults 17 but the results are not fully consistent. An earlier study in Finland 18 did not find mortality differences by employment status. Higher mortality risk among men living alone has also been reported among the whole Finnish population. 19 It has been shown that a combination of diabetes and coronary heart disease is associated with dramatically increased risk of total and CHD mortality. 4, 20, 21 The socio-economic differences in coronary heart disease mortality were quite distinct in this study, as they have been in other previous studies. 2, 5 The RRs in circulatory and ischaemic disease mortality were almost in the same level and mainly largest according to same socio-economic predictors than in all-cause mortality. When deaths in diabetes, and alcohol diseases and alcohol poisoning, were scrutinized, the relative mortality risks were higher than the RRs for all-cause mortality according to almost all socio-economic predictors. Especially among persons with type 1 diabetes the RRs were high. According to our study, abuse of alcohol is an important risk factor for socio-economic disparities in mortality among diabetic people. It is consistent with the results of several studies among the whole population. 22, 23 In our study, socio-economic differences in alcohol-related deaths were extremely large among type 1 diabetic people, while being quite moderate among type 2 diabetic people (except for unemployed men). A Swedish study 24 has also found that among type 1 diabetic men (aged 15-34 years at diagnosis), alcohol and/or drug abuse often contributed to mortality. Mortality risk during the first years after diagnosis appears to be largely determined by the coexistence of detrimental psychosocial factors.
The effect of different aspects of socio-economic position in mortality among diabetic people was similar to that found in the general population. Factors behind these mortality differences have been considered to be at least: (i) behavioural factors, (ii) psychosocial factors and social deprivation, (iii) material deprivation. 25, 26 Behavioural risk factors are likely to be behind at least part of the differences since health behaviours have been shown to vary systematically between different social groups in Finland as elsewhere. 27 Also the fact that especially smoking and alcohol related causes showed especially large differences points to this direction. The result concerning men living alone or long-term unemployed seems to point into a potential effect of social deprivation on mortality. Further, differences between the employed and the long-term unemployed suggest that health services may play a role in the creation of these differences. In Finland, ambulatory health care is organized through three channels: occupational health care, municipal health centres and private practice. Occupational health care is free of charge and easy to access; in municipal health centres, user fees are relatively low but there have been problems in access to these services. Private services are easy to access especially in urban areas, but out-of-pocket costs are high even after reimbursement via the national health insurance scheme. Since persons who are long-term unemployed are unable to use occupational health-care services and private services may be too costly for them, they are likely to be dependent mainly on municipal health centres for primary health care. Difficulties in access to health care can therefore lead to delays in medical treatment among long-term unemployed which may contribute to increased mortality.
Conclusions
We found that socio-economic factors such as long-term unemployment and living alone were strong predictors of mortality among diabetic men. In women, however, living alone did not increase the mortality risk. In addition, diabetic people with low income, low education and low occupational position had increased mortality risk. Of the socio-economic factors studied, only type of residential municipality showed no systematic mortality differences. These findings together with the role of deaths from alcohol diseases and diabetes in mortality trends, 
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Key points
The results of this study indicate that different aspects of social disadvantage are important predictors for poor outcomes of diabetes. Unemployment was found to be a strong predictor of mortality among diabetic men and among type 1 diabetic women. Excessive alcohol use especially among type 1 diabetic people with low socio-economic position seems to increase mortality risk markedly. The importance of socio-economic factors together with lifestyle factors should be taken into account in planning diabetes care.
